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If6te ; The Manual of Procedures for School CVistoditos 
and School Custodian Engineers prepared by' the Biireau 
of Plant' Oper at ipn, Division of School Buildings, of 
the New York City Board of Education is referred to 
throughout this manual as basic reference mateH'al. 



preface 



The purpose of tliis manual is to consolidate into a 
sin^e docuicent 'all of the maintenance and- operational 
steps which, vhen/ implemented, will result in the 
lowest energjr use consisten^t with this school's educa- 
tional program. ; n ' ' . • ^ 




. ^ c ' . -^^ incorporat-es informal:r6ri'Ti*cAn standard opei^ting 

3 instructions already issued in separate docioments and 

^ me^noranda by the Bureau of Plant Operation, its Fuel 

Management Section, and other sections of the' Board 
of Education's Division oT School Building, as well 
as instructions based on conclusions reacYied in the ^ 
first phase of* this study of energy efficiency in 
schools, done for the Board of Education with funds 
supplied ty*'the National Science Foiindation, Further 
sreccqpnepdations arid guidelines, based' on other 'material 
. 5ublis|ied recently in response to the energy crisis are 

. ^ * . also included, • % 



All material containe'^in the manual has b^^ approved 
and authorized t>y the Board of Educatibn^rough .the ' ^ 
Division, of Scl\ool Buildings, the Bureau of Facilities 
• Planning and.Dep^n, and the Bureau of Plant Operation.. ^ 

The;mnual is organised ^according to the following** > 
dartegories . When implemented, the procedures described 
will provide the basis for- iucreased e*!^iciency in ' the 
iise of energy. 



plant operation 



• Keeping the building and its equipment well maintained 
and efficiently run. ' ' ^ ' ► , ^ - 



Standards 



scheduling * 



• Establishing, realistic standards ^f(;jr the energy- 
requirements for the various activities in the sihool 
and adjusting the equipment to. pravide' no more than 
these st^dards . ' 

^^^^ 

• Using energy - eleptricity and'fue-l - only where 
when it is needed. 



/ 



The discussj.on maiifLy jconcerns procedures which^ are the 
custodian's responsibility, but £l1so includes some which ' 
are not his responsibilit;^ and are generally performed by' 
maintenance personnel. These non-custodial functions 'have 
been included to familiarize' the custodian with all 
operations. He should be alert for all pro'blems and 
potential improvements smd should contact 'his* Borough 
Supervisor's Office of the Bureau of Plant Operation ^ 
for assistance when neede'^. The;Borough Supervisor 'will 
rhstruct the Bureau of ^Maintenance (or outside con- *• 
tractor^, if requj.re'd) to do^t^e nfecessary w6rk. ^ 



An , Appendix at the end^of the manual (organized according 
to the same categories as the" body of the m^-nual) con- 
tains supplement arj* information including a chart for 
troubleshooting the heatin-g plant, instrAictiojis* for the 
evaluation and modification of. existing systems, schedules, 
'tables and record blanks to be used in connection with 
th,e various Drdcedures, and some' other' background infor- 
njation. Whejre appropriate, blank forms are to be photo- ^ 
copi,ed and filled in as part' of the process of revising 
the systems ^to improve the operati^i'g efficiency of the 
school j)lant . Written re^cbrds of procedures and^ data 
should be kept whenever possible and'shpuld be available 
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at-all times'. 'Copies of schedule tables, when 
cqnrplei^ed, should be posted at appropriate control 
centers to facilitate iinplemeniation of energy saving ' 
Vide, Availability of such information should never 
be dependent on th'e presence or memory of any one 
^person. ^ , • ^ / ' 

^ ^ » * 

Any suggesti6ns regarding procedures ^ eqiiipment .modi- 
fications, dr operational improvements that would be 
helpful td other custodial staffs should be noted^own 
and sent to the Bureau of Plant Operationa. 

* 

The importance of efficient, energy use has been stressed 
enough to make further explanation unnecessary.- . 



befpre conservation 
10 tankers per year 



after conservation 
7 tankers per year 
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plant operation 



This section is comprised of a s^t of guidelines, for 
maintenance and operating procedures for energy- 
efficiency in the plant. . n * 




' The ^ goals for greater efficiency are: 
1. GET the: most heat gUT OF EACH GALLON OF OIL BURMED 
(cbiribiistion efficiency at the burner). 



2. CONVERT THE MAXIMUM AMOUNT OF THAT HEAT INTO .STEAM 
■ IN THE BOILER (keep the tubes eleah to pez^mit 

^ transfer of tlie heat from the combiistion gases into* the 
water which becomes steam - control the rate^pf flow of 
the gases to allow the maximum absorption by the yater 
of ", the heat ) . ^ 

3. .GET TH£\hOST HEAT Ouf^ OF THE STEAM AND INTO /THE AREAS 
WHERE IT IS NEEDED (keep all steam traps in goo^ working' 
order ) . 



po - 1 



1^.; KEEP the heat in the building, (do not overheat the 
rooms; do not dump* the heated air out of the biiilding 
by excessive operation of the e^aust systems). . . , 



These giiidelines do not constitute a complete list of 
^maintenance and Operating procedures and include only 
► those operations which relate specifically to energy 
efficiency. They are organized according to the frequency 
, , required and shoiiLd be incorporated in the list of normal 
'routines fif they have Qot already become standard). ^ 
Very Xit*tle extra time is required, and if performed 
regitLa-rly, these prpcedures can contribute greatl].y to 
curbing excessive use of fuel. ♦ 

y 

Recognition of problems in tlje system, is crucial Vo the 
operation of any mechanicail .plant and can contribute 
significantly to its energy ,effiqiency. TABLE 1, on page 
^o--ii3 In the Appendix, relates symptoms which may 
be^ evident (such as oil lesiks.,- carboA bziild-up, noises, 
" irregularities in the appearance of the flame, etc.) to 
\ ^ p roblems , and should serve as a guide to remedies to 
•correct these problems. * • 

< Jin perforpiing\the routine operations, be^ alert f Sr '"any of 
the syinptoms listed in jbhe^ table and make the adjustment's 
. indicated wherever possible. If there'are ;^roblems- which 
refiuire outside assistance, list them and submit the list 
to th3 Borough .Supervisor's. Office of the' Bureau of^ Plant 
Operation. ' . / - - ' . - * 



DAILY MA'INTENMCE 
AND OPERATION 



In *the description of .routine operations vhich follow, 
"check" means to J.ook fSr. ^Whenever a problem, is- 
evident, Gonsult TABLE 1 for interpretations. 



every morning 
before startup 



1. ' CHEXK FOR SIGNS OF OIL LEAI<AGE under and arc5und 
the burner and pump. ' If you find leaks, determine 
t7hether they are lubricating'oil (light brown) or fuel 
oil (almost black), if the leak is lubricating oil, 
makfe sure that reservoir has sufficielit ail to prevent ^ 
damage to the equipment. Check this level frequently 
until the leak has. been corrected. ' If the leak is fuel 
oil, check whether the oil burner strainer housing is' 
firmly mounted an(\ all fittings are ^ight*. If the leak ^ 
cannot be corrected,, contact Boroughs' Supervisor ' s Office ♦ 
' of the Bureali of Plar^ Operations 'to .hrfve the unit re- . 
paired. . , r 





^ " Note : Uae a metal pan catch oil drippings under 

• , the burner rather -than* sand, .sawdust or sweeping com- 
^9und.. This makes i-t easier to determine whether ' 
leaks are lubricating or fuel, oil, and, it avoid? 'the 
risk of loose materials bein^ sucked into the primary 
air ii^take. 

. ' . po - 3 
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2* OPEN THE BURNER AND SCAN COMBUSTION CHAMBER to 

7-- J * r—-- 

check for ^carbon build-up (black dirt or black, caked 
deposits)* 



3. WiPE^tHE ATOMIZER CUP vith a, clean rag. CKeck for 
dirt and carbon* This is a double check since the cup 
should have been wiped the flight before. However /.with 
the burner open, it "will tak^ only a few seconds' and is 
vorth d6ing« ' 



/ 



i \ 




k. CHECK THE BURNER BELT . It should have some play -for 
smooth ope3^ation butishouid not^ exceed a half inch.- 



one half inch 




MAKE ALL-nWmAL SAFETY ANQ OPERATING CHECKS. 

Note : ' Do not ttrrn on> exhaust fans until the areas' 

they serve are actually occupied. 




Do not tvrn on indil^'ect heating systems until actually 
reqixired. If the jgymnasium is not going to. be xised 
until 11 a.m., it is riot necessary to have it pre-* ' 





oo 



unoccupied space warmup 



heated at 8:h3 a.m. If possible, keep indirect- 
heating 'systems on. 100 percent* recirculation diiring 
varm-iip .and minimum out-side air intake when ocq^upied 
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occupfed space . . * ' 


f.' 



6. TURN TH'E BURNER ON . As the birrner starts, be alert 
for-, unusual noises, vibrations or other signs of trouble, 
^f these occur, shut the burner down until the problem*^ 
is located. This piay prevent serioxis damage. ^'..^ 

Note : .^Use the fewest^ number of boilers ^.necessary* to 
maintain the required steam pressiore. Jf the plant 
contains boilers -of different capacity, ^fire the 
smaller one whenever it will carry the load. 



every'morning after; 1. CHECK THE FLAME and refe^* to TABLE 1 for any 
the' boiler is hot \ . . 

irregularities. The flame should: 

• • be a ^golden orange color 

• fill the cpmbusticJ^ chamber at high firing rate< 

* , 4 

^ The flame shoiild not: * 1 

• be pale yellow 
/ ^ • contain sparks 

• produce 'smoke in combustion 

• strike the sides, top or bottom of, combusion. 
chamber 

• bounce off rear wall of combustion chamber 




Note : The flame may "lap" against' rear wall of 
combus ion ^chamber; however, it shoulc} not strike 
it with any force. - x 
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2. CHECK 



THE STACK TEMPERATURE. 



1 



Note: 



' The higher t\^e temperature, ,the more heat 
IS going up the chimney and the less is iDeing 
absorfbed by the boiler. VStaold temperature should 
be about 125^ F. aboye boiler Aater ^*\^mperature . 



r25C 




periotiically ^ 
during the day* 
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1. CHECK CONDENSATE RETURN TEMPERATURE . Rising 
(■^eniperatuire at the return side of 'the' trap indicates 

; A , i.i. 



'.cJk^ pr mojf^ieaking steam traps in the system. 



e(/k 



2? CHECK TftE FLAME . 



3. / "CHECK THE STACK TEMPERATURE. ^ (See above. ) 



1+'.^ CHECK THE DRAFT' GADGE. 



,^ No|te' : The draft^hould ^ange between 0.5" and 
j Dlo** depending on^he unit. Consiilt the burner 
J ma^ufactvirer's specifications for , particular units 



CHECK THE OIL TEMPERATURE IN THE TANK , ' ' 

' , N0te : ' The temperature should be 110° - 120° F. 
for No*, 6 oil and should never exceed the flash^ 
pcdnt/ Check for flash point* of each batch on "> 
oil-deliyery slip. • 

: , ■ • ii : ■ 

6.. CHECK OIL SUPPLY TEMPERATURE AT THE BURNER .' 

• ' " % .' 

Mote : The i*eqiiired teinperature varies with ,the oil 

. content.; lower* siilphur content in^No. 6 oil will 

^permit lower oil temperature. Find th^ optimum 

temperature for each batch and check periodically 

to maintain it. 

« 

7. BE ALEikT TOR UNUSUAL NOISES . See TABLE 1 for 
interpretations ^ 



shutdown time l>i 



SHUT THE BURNER DOWI^^ s early in Jbhe^ day as possible 

* Note : 'Phe heat from ;tieople and li^ts will keep a. 

. . building warm for sometime. The exact lel^gth of 

coasting time will vary considerably depending on 
J ^ the bixildin^ skin, the outside temper at lire' and the 

^ V amount of air being introduced by the ventilation 

J5ystem>^nd must be worked out for each»biiild,ing by 
f ^ experimentation. (See section on Scheduling.) 

} 2. SHUT DOWN ALL SYSTEMS WHICH BRING IN OUTSIDE AIR as 

, ^ V earljr as possible. These include kitciien and lab hoods 
^\ - and indirect air systems whicl:\ are nOt on 100 percent 

recir^ula^siOn ^ 



1 
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after shutdown 



When the' combustion chamber has had a chance to cool' 
(approximately 2- hours), ope|i the .burner ^"'(Ctoening 
the biirner when the combusion chamber is> hot will 
cause a sudden rush of cold -air which may damage, the 
refractory.) » ' 



1/ CHECK THE COHBUS40N CHAMBER fo^^^arbon'n 




2. WIPE THE CUP with a clean rag. Check it for carbon, 
^dents, and &ther irregularities which may cause vibra- 
tion or uneven oil, distribution. DQ" not remove the cup 
if the system is operating properly. Removal may result 
in damage or inco^rrect remounting: of the cup. ' 
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MAINTENANCE 



1. CHECK AND CLEAN THE FUEL 6 lb STRAINERS. A seriously 
clogged strainer will cause poor oil delivery and as a 
result,* a poor flame which will show up £n daily ihspec- 
tions* If the amounts of sludge in the, strainer increase 



/ 



ijnake ^rangiements to*have the oil storage tank cleaned 
h^^e/e the probleta becomes serious. 




Note; Many New' York Ci'ty schools have high and loy 
suction fittings in fuel oil tanks. Use low suction 
connection for routine operatic, 'this will keep 
the high suction a^v-ailable for- times when sludge or 
water has collected at the bottom of the tank, ItLgh 
suction should b^usecj only until the tank can be 
cleaned/ 




Oil 

high 
suction 
low 

suction 

water or 
sludge 
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2. BLOW OOm THE BOILER. 




3. TEST pH OF BOILER WATEr ! Readihgs should range 
betweejfc 10 and 12 to prevent acid corrosion. If read- 
'ing is" under 10, add soda ash (sodium carbonate Na^CO^) 
to the water. For a description of the test, see' the 
Manual of Procedures . ' ^ ' , 



Note : The procedure outlined is for New York City 



water which is extremely low in calcium content ' 

(soft water). Where th^re' iV water with high calciiam 

content (hard water), water must be treated to 

remove calcium to prevent scale build-up on water 

« ► t 

side of tubes . ' « 



CHECK THE OXYGEN DEMAND (QD) of boiler water. This 
test5 for the presence of dissolved- oxygen in the water ^ 
which causes oxygen corrosion (rust). Add sodiiom s\ilfite 
as required to maintain^ a minimum of 20 parts per million 
(ppm) of sodium sulfite: For description of the test*, see 
the Manual- ^f^Prdcedures . ' ' * 
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AFTER ONE HLFNDRED - .1. VACUUM THE FIRE TUBES . ' 
OPERATION HOURS • - - ~. ~ < 




Note : . Close' access doors to fire tubes tightly to 
• . ♦ . prevent^air leaks T*- ■ Check the ga§kets. Air leaks 

around doors will reduce -^fective draft and will 
draw cold air dtre.ctly throiigtj tubes . 

MONTHLY MAINTENANCE 1. TAKE CO ^ READINGS , CO^ content should be about 12. 
^ , percent. ,A significant c^op in CO .reading indicates 





2d 
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' incomplete- combiistion of f.uel ca^ed by an incorrect 
. . air-oil mixture because of slipping damper linkage or 
/ ^ a problem' in oil supply ''system (strainer, pump, meter- 
f • xng device)'. *CP-" test kits are available at'tlie Borough 
Supervisor's Office of .the Bureau Qf ^^Isyxt Operation. 

. . 2. CHECK THE OPERATION OF p'/^MPERS . 'Verify^at dampers 
'can ii^pve freely, to extreme positions. Remove all dirt 
"and* obstruetions*". Verify th^t .no vanes ar^ bent or 
distorted. Lubricate axles. ^ ' . 



YEARLY MAINTENANCE 1. WASH DOWN WATER SIDE AND VACUUM FIRE SIDE OF BOILgR 

TUBES. , ^ ' ' • • ^ ' ^ ' 



2. \^A'CUUM THE BREA6HING . ' , ^ * ' - 

3. CLEAN ALL FUEL 0 1 L . PASSAGES" AND CHAMBERS in'l'uel oil 

'. 7 Z '. ' ~ 

burner wrth soj.vent.', , 

h. CHANGE L\IBRICATING Oil -In burner.. < ^ 

5. CRACKED OR LbglSt BRj'^KS in -coinlxustion chamber should 
/ be repaired or replaced. \ - v i 

/. -^■.rr^■ ■ . • ■ . 

6. CHECK INSULATION 'on all h"ct air ducts and steam supply 
pipes. Where defeoti);^^, i-fei' sl^bul'd bf 'rej)laced. 

'7. ' CHECK AIR VA UVES\^ ,./^ / . « 



— — 




8 . CLEAN AND CH^CK VACUUM- TRAPS AND TUSW^OST AT I CAIXY 
CONTROLLED STEAM VALVES' AT RA&I ATORS . , \ 



9. CHECK DAMPER OPERATING CONTROLS . •'Hiese include * 
chains, motors, gears and linkages. Make sure^ 4;,hat • 
damper positions are adjiisted correatly by signals given. 



' 10,.' CHECK BACK DRAFT DAMPERS in exhaust' fan ductwork. 
They shoiild close tightly when fans ark not. operating. 



XL 



■,ECK FAN DRIVE PELTS , 



/ 



12. CHECK THERMOSTATS. 



\ 



. 13.. CLEAN ok REPLACE ALL FILTERS. ' i 

Ht. CLEAN GRtLt.ES AND REGISTERS AND LOUVERS.- Do npt 
change settings .after they have been' adjusted^ .. . 



BUILDING 
MAINTENANCE 



EXTERIOR DOORS 



J 



In order to keep heat in the building, watch for possible 
sources of air leaks.' Check all seals (at doors ahd 
windows) frequent'ly. Include the follow^Lng operations 
in the maintenance routines. , 



Note: 



Although care of j-efrigerator and freezer 



J of re 
iica,l*Lj 



gaskets is not "^echnicaliy part of building maintenance 
your- attention is called to them because defective 
gaskets can greatly increase the use' of electr^.c energy 
Check them periodically and replJj^ when- required. 

1. CHECK OPERATIC^ PERJODICALLY (both sets where there 
^are vestibules). .They 'should not remain open and^cause 
unnecessa^ heat loss during heating season. 



.2. _ CHECK GASKETS AND WEATHERSTRI PPING once a year and 
replace as needed. • . ' 



•ERIC ;, 



23 



po - 15, 



'3/ SET DOOR CLOSERS (checks) so thfat they close' as rapi'dly 
as possible without creating a safety proBlem/ ^ 



WINDOWS . 



1. CHECK SASH fol* proper closing once a year. 



2. CHECK. GASKETS AND' WEATHERSTRI PP I NG once a year and 
replace as -needed. , • ■ ' ' .'- 



3. REPLACE BROKEN GLASS IMMEDIATELY, 



CAULKI-NG 



1. CHECK FOR DRIED OR MISSING CAULKING once a year and 
replace as requj^red, '■ - . ' ' 



y 



4 . ^ • 
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standards 



Until recently, as long as energy wag cheap and plenl^i- 
fill, ventilation and lighting systems were desLgAed to 
produce levels to satisfy the worst condition and mtfst 
denianding requirements at all times , ' 

Quantities qf air in ventilation systems are based on ^ 
requirements for cooling during the^ spring, summer and 
fall, rather than on the sanount of air neces^sary for 
body metabolism. This results in the introduction of 
exce^ air during the heating season, which must be 
heated to room temperature. This excess heating load 
requires 'the burning of large quantities of bil and 
coal- ' ^ *• • - . 

Lightinp^ systems in classrooms are designed to" accommodate 
at all times the most demandiiig jvisual tasks, such as 
sewing or fine drafting even though the activities which 
normally occur in^hese .classrooms - lectures, discussions, 
reading, and writing - require less than half that quantity 
of light. 

The rapidly increasing price, and decreasing availability 
of, en^gy has' made it necessary to review the basic 
standards for services provided by energy consuming 
systems. This section describes and discussea a revised 
set of standards', based on extensive ^research cap'ied out 
by the American Society of Heating, Refrigerating and 
Air--Conditioning Engineers, the Natio nal Bu reau' of Standards, 
the John B. Pierce Foundation, tTieUniversity o^* Minnesota, 
and independent research groups. The section -also includes 
some discussion of method^ of* determining existing con- 
ditions and qf modifying 'them to conform to the standards. 

St - 17 • 



Since these inodifications are generally outside the 
scope of a custodian's respt)nsibility , their discussion 
' here ^as be^n kept to a minimum. For complete instruc- 
itic^s on^ these procedures, see '^the^ Appendix. , ' 



PIEATING ^' ^ 



The standard for heating levels to be used for all occupied 
spaces is 68° F. Tjnoccupied spaces may be kept at 50° F. 
Since thk level of heat is maintained by thermosta'tic 
cdntrol, it is important to"l5faep thermostats s)st at the 
standard temperatures and to make ce'rtai^that they are 
operating^properly . - . ' ' \ 




; \4 

VENTILATION 
STANDARDS 




68 



unocctjpied 
space ■ 



cxicupied 
space 



ventilation systems iYi recently built school TDuil^ings . 
are Ueei^ed to provide a mi^mum o!f 15^cubic feet per 
minute (CFM) for each classroom occupant 'an^^jijf to 50 ^ 
CFM for eacfi occupant^ In special areas such as gymnasi\ims, 
auditoriuni^ an& cafeterias. Wtien operated according to. ' 
these design criteria, ventilation accounts >for twd-thirds 
the heating load of a building. ' ' * 



Note : In winter, all incoming outside air; must be 

heated and an equal amount ^of inside air, which has 

already been heated, must be exhausted (with- its 

embodied heat) to make -room for the new outside air? 

Where only mechanical exhaust is provided (the typical 

setup in most school classrooms which have window 

« 

supply ajid mechanical exhaust) the amount of outside 
air entering the buildiri^,tl;rough openings or ir^jjKL- 
tration is the same as that being exhausted even 
though there is no mechanical supply. • 
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Ih order 'to minimize the heating load and increase energy- 
efficiency, the amount of outside air taken in and the 
. corresponding amount of Ideated air 'e^jliausted should be 
decreased to be no more than that which, is req^uired fox/ 
health and' comforts This amount, according to the research 
cited in the introduction to this section, is 10 CFM per 
occupant and shall be considered the standard for ventfla- 
, tion of all areas except where there is intense physical 
activity, heavy smoking, the production of noxious fumes, 
^or where the system is being used for cooling. The 
exceptions and their applicable standards • are the following: 



1. Gymna^gums . The ventilation should provide 15 CFM per 
occupant actually involv^^d. in sports or other strenuous 
activities > In cases where there are spectators in the' 
gymnasium, the '15 CFM applies only to the actual partici- 
pants while the spectators shall each be provided with 10 
CFM of outside air. " ^ - ' 



2*. Shops where noxious fumes are prodticed . Operate the 
ventilatpn systems as originally designed. 



OO 



operate as designed 

iir 
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3. Science classrooms yjth fume hoods . The exhaust 
system shall be opiated at the^ original .design rate 
owhen required* It sHould be s'tfessed, if^ever , that 
fume hood systems exhaust very large quantities of' air 
and should not be run except when actually ip use. 

h. Kitchen hoods . These- should be run at the rate* 
designed;* However, th^se, too, should be run only wHen 

- actually required. CNote: Filters in hooda should hB 
cleaned regxalarly to minimize ener^ used in operation of 

• fans . ) ^ 

5. Toilet rooms . The exhaust systems should' be run as 
' designed. . • * ^ 



DETERMINATION AND 
EVALUATION OF 
EXISTING VENTILA- 
TION' RATES 



Operation of ventilation systems should be modified to 
provide^ no more than these standard^ (under the direction 
of .Engineering); supply and'exhaust fans should be\ run 
only when required to meet the standards (by the ciistodian) 

^fore considering modifications, if Js necessary to^find 
the actual amount of outside air which' is introduced into 
each space under existing conditions and then to compare 

these amounts with the standarjifs^ listed above. Instruc- 
tions to do this can be found in the Appendix on p. a./st-k^. 



MODIFICATIONS 



Modification of ventilation systems is generally not payt 
'6f a custodian's responsibility.' "it is important, however, 
for energy conservation, to be aware of the methods which 
can be used to reduce existing ventilation rates. They 
are as follows: 



1* Increasing the amount of air recirculated . This is 
possible in systems in which heated air is supplied 
mechaniically and exhaust air is Vetiirned mechanically. In 
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most of such systeii5s a portion of the return (exhaust) air 
is mixed wi"th outside air and recirculated, and only l^he 
reminds .o/^retJorn air is exhausted from the building. 
In schools^ this type of system i$*generally u^d only in 
gymnasiiims , auditoriiuns , and cafeterias . 



2. V gtaggering the> use of the fans ^ This can be dope in 
systems in" which air is supplied non-mechanicaily (through 
^Vindovs and by infiltration and the exhaust air is 
returned mechanically (through a duct systetjjj^ The exhaust 
rate can be reduced by running the fans^^or only part , of 
the time a space is occupied. For example, if, instead ^of 




ventilation sequencing 



- shutdown 



operation 



letting the exhaust rui) for 60 minutes, it is run for kO 
miniites and shut off for 20 minutes. The* amount of air 
exha^isted is thereby reduced by one-third, and -correspon/i- 
ingiy, the amount taken in is also i^educed.by one- third* 
This' staggering' liaA be done manually » which has' the dis- 



advantage of requiring conti'yi^rtfs attention (for which ' 
manpower may not be available), or electrically by an 
automatic timer which can be installed in the system. 

p. Chan^inp; the drive ratio , that is, the ratio of the 
motor pulley to the fan pulley. This ipethod is also 
applicable in systems where\there is window supply and 
mechanical exhaust. ' * . 

Further discussion of these methods and their ira$)lement^ 
tioh, is included in the Appendix, ^ 



Of t'he . s tandftMs relating to enviranmental conditions*, 
*those^ pertaining to lighting are the learst eifect and, 
the most subjective. Outdoors the eye must frequently 
switch from objects which are illuminated to several 
•thousand footc^ndles in direct sunlight \to those at 
several hundred footcandles in the shade of a tree^ or 
a wall.- Inside a room with a north-facing window (no 
direct sunlight) ligtxt levels frequently range ^fromi 
three or foixr hundred footcandles to less than five " 
footcandles. Until recently , it was assume.d that the 
ideal working environment was one of uniform illumina- • 
tion. Recent research, however, has indicated -that the 
^eye, like every other pal*t of the body , requires ^certain 
amount of exercise ^for comfort and well being. 

Two important f^cts must be remembered in considering 
revised standards for lig}jting in the sojiool classrooms, 
llie first is that the* proposed levels will have absolutely- 
no negative impact on ocular, he^ilth (see Appendix p. a/s1:751.) 
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The second is that* the lower light levels proposed will 
have no significant ne^gative impact on the ability to 
carry out any visual task associated with noriryal class- ^ 
room use. (See Appendix -p, a/st - 53. ) 

It is important to remember, that the- standards, and modi- 
fications to achieve those standards, outlined in .this 
Section do not suggest anything which will in any way 
interfere with the health, safety, or^ educational per- 
'l^ormance of those in the school system. IrapJ.ementing 
them, provides the means to reduce the amount of scarce 
educational dollars which goes to the utility companies 
and oil producers instead of education. 

* * 

In classroom areas^y -.^-'iirrght level of 30 footcandles \is 
adequate for almost all"' activities which take place 
there and satisfies all New York City agency requirements. 
Light "Supplied at higher levels in these areas represents 
an unnecessary use of electricity. 

In-service areas such as corridors, toilet rooms, utililiy. 
rooms, etc., the lowest possible light levels consistent 
with use and safety requirements should be* used. Current 
standaifds for Federal crffice buildings call i^Sr'^^ir^erage 
light level of 10 footcandles for corridors ( This may be 
used as the standard for those areag in which no demanding 
visual .t€tsks are performed. , • • 

There are, however, certain tasks which reqmre light 
levels higher thaji 30 footcandles. ' In New York City 
schools , these are primarily the tasks performed in shops , 
sewing rooms, drafting' rooms , and some art rooms. Even 



in tho^e areas', "the lighting- reqioirefhents may vary within 
a. space. ■ It is ^^ften possible *to reduce the overall 
lighting to 30 footcandles and maintain the light level 
at specific vorkv^tations by iising existing overhead 
Sources / or by supplementary sources wh'ich are',alr^ady 



^task 
lighting 
I 60fc 



S2I ■ > 



i general lighting . 30 fc 



\ 



, mounted above wo^k cotmters, or by work lights moimted 
directly on pieces of equipment such a!s driiLl presses /"^ 
sewing machines, drafting tables, etc. Rooms which re- 
quire a uniformly high level of llgh.t should be ^lighted 
to a level of 60 to 70 footcandles t Any major program 

^of changing existiis^g light levels should be .carried out 
under the direction bf the Bureau o^^ Plant Operations.^ 
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DETERMINATION 
OF EXISTING 
LIGHT LEVELS 



A 



The first step in ^determining whether- energy--saving 
lighting. reductions can be made is to find the existing 
light levels in eVery space and ^record th^m on a set of 
lighting plans. This can be done -either by taking actual 
readings using a footcandle meter or- by calciilations . 
For instr^ctions , see Appendix, ^ 
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EVALUATION AND 
MODIFICATION OF 
EXISTING LIGHT 
LEVELS ' 



The second step is to compare the existing li^t levels 
with the standards recommended alDove in order to cLeter- 
mine whether or not modifications are indicated. Light 
levels which exceed the standards can be reduced by the 
methods listed below. Descriptions of these methods^ and 
instructions for their application are included in the 
Appendix. ^ . ^ 

Note: Except for the substitution of lamps lower 
,vattage than those existing, these operations are 
generauLly ilot within the scope of the custodian's 
responsibilities and can be implemented through the 
Biareau pf Plant Operations. 
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incandescent : 



Light levels from incandescent f#.Aiires can be reduced 
either by replacing existing lamps with lower wattage , 
lamps or by reducing the nuiiiber of fixtures or lamps ^ 
in operation' by th^ remoyal of lamps. ' , 5 



fluorescent 



Reduction of light intensify where fluorescent fixtures ' 
are used can be 'accomplished by using lower wattage'*^ 
lamps, deactivating some of the ^J^octiires , or reducing 
the number of lamps per, fixture.- .1- ' ^ 



Note : In delamping, whenever one lamp, seized by a 
ballast is removed, all lamps served by that ballast 
must be removed dn order to prevent, the ballast -from 
burning out.= 

The diagrams on page st-28 illustrators typical lighting 
pattering and how they can be modified to result in' lower 
light^ output. ^ 




deactivate excessive fixtures 



r 



7^ 



^ TYPICAL DELAMPING PATTERNS TO ACHIEVE 30 FQOTCANDLES 
rooips vith 30 foizr-foot tubes ; . ^ 
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existing: 50 footcandles 
delamp': 12 tubes 



existing: 6o footcandles 
delschip :.>. lU tubes <? 



rooms vitb 36 four- foot tubes 
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existing: 50 footcandles- 
.delamp: Ik tubes ' . 



rooms vith l8 eight-foot tubes 



existing:* 6o fbotcandle^s 
delamp: ' 18 :^"bes 



7^ ^ =^ 



existing: 50 footcandles 
^elarap:. 6 tubes 
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Note : Bites erxliag|*ams indicate 
an approach to, and possible 
patterns for , . 'dela^npi ng* 



t 



A program of energy conservation rela.ted to lighting 
can be summarized as follows: ' o 

1. Determine whether existing light levels are too high. 

2. ^ In incandescent installations, reduce efxcessively ^ 
.high light levels by reaucing- the wecttage of lamps in- 
stalled. • >^ ' 



3. In fluorescent installations, reduce excessively high 
light levels either by using 35-watt lamps in place of 
i+O-watt lamps where available and applicable, or by one 
of the delamping methods. 

h. . Where^the requirements for light within a space vary 
due to fixed-^uipment, utilize a delamping program to 
reduce light levels except "in the speci'Vic areas whioh 
require higher levels. • " . 
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scheduling 



The preceding sections have described plant operating 
techniques ^necessary -for optiffm^ ^performance from 
energy-fusing equipment, have set minimum^ standards 
for equipment output required for the health^d 
comfort of the occupants, and have described methods 
of modifying the existing equipment so that its out- 
put does not exceed these standards. This section 
deals with -methods of scheduling and "controlling the 
use of the equipment to provide services only when the 
spaces are occupied and only to the extent required by 
physical conditions and types of activity. The imple- 
mentation of these methods will further contribute' to 
energy ponservation. 



HEATING 



Scheduling^the operation of the h^ftir)g system for energy 
efficiency when the building is ^^>©</cupied involves 
minimizing- morning s?art-up tifefe^d taking maximum 
advantage of afternoon "coasting. " \ This requires 
timing the firing of the boile5>«o55^at the standard 
operating teniperature (68°^ ) i^ reached just at the 
time that the building is 'occ^ipired, and; the shutting 
down so that the temperature is <iriaintained only so long 
as the building is occupied. 



Note : Firing the boiler 20 minutes earlier than 
necessary in the morning and shutting it down ^0 
; minutes later than necessary in the afternoon results 
in a 10 percent increase in the basic 8-hour heating 



Sctiedxiling also involves minimizing the niamber of ' heat- 

ing^zones ^occupied and heated in schools where the 

heat distribution s^tems are laid out according to 

heating zones. In those ^systems , the supply of heat to 

each. zone is governed by a centrally located steam main 

valve which cart be turned off when that 2rone is not 

occupied. For times when the building is partially 

occupied (after school hours), a program should be 

developed 'which concentrates activities according to 

f 

'Seating zones and. limits occupancy to .a^ few zones as 
possible . 



startup 



shutdQwn 




inside tempL 



outside temp,^ 




6 7 8 9- ^10 11 12 1 2 3 ' 4 5 6 7 
school in use ^ 



At times when the building is not occupied,, standard 
procedure in New York City schools is iJo'' shut- down 



the heating p],ant. It may be necessary, however, to 
provide short intei*vais of heating to prevent' freezing 
of pipes durin'g'* extended shut-downs in cold -weather- 
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DETERMINE 
START-UP TIME 



The optimum start-up time is dependent on the outside, 
temperature and the inside temperatur^e before the heat, 
is turned, on. ^ 



Note : If the iDuilding has become colderUian ' 
usual because of particularly low nighttime 
temperatures, it will take longejr to heat than it 
would under .normal ^Si^itio^s for the same out- 
side morni^ig temperature. See the^Appe^idix. ^ 
for instructions to determine -^hese times! * 



DETERMINE • 
SHUT-DOWN TIME 



VENTILATION 



JDfflAUST SYSTEMS 



Ttie optimiam shut-down teiSjJe«:a,ture is dependent on the.^ 

outside temperature. The amount or coasting tiijie 

^ j^ossible decreases as the outside^ temperature decreas'es, 
■* . « * * , . 

See instructions in the Appendix for procedures 

* * . ^ jf 

K to determine thie besi: shut-down times for vary^^^ 

temperatures °. ^ ' ' . 

Note ; It is impbrtan-t to ^jdet^fmine shut-down* * 
^ times based on occupied spaces in an occupied 

building. (As mentioned in the secti'on-on Plant 
•Operation, occupants and ^Lights mak^ a sizeable 
contribution^ to the heat in a 1:00m, and an empty 
room cools down faster than one which is occupied.) 



•Scljeduling with regard^to .ventilation systems "ijieans 
considering outside ^temperature and the use and* non- 
use of spaces in the determination of periods "cTf opera- 
tion ofi the sysStems. \ 

■ : : , ■ A. , . 

In thosS. areas where air is" isu|)plied by infiltration' aad 

V * * ^- 

. 1^ exhausted mechanically (exhaust systems) the use of 



\ 




exhaust fans shoiild Ke limited to times when the building 
is occupied, times when the spaces seryed are occupied,* 
and when the required heat levels have been reached. 

To dQ this, first identify the spaces served by each 
exhaust fan (e-xhaust zones) and then develop' a program 
for the use of the fails according to the use of the 
spaces. With the cooperation -of the administration, a 
pro;g3/am can then be developed for times when the build- 
ing is only partially in use, which will concentrate 
activities in a single exhaust zone whenever possible 

\ 

and otherwise in as few zones as possible. In this way 
the number of fans in use, and conseque^ly the*^am9unt 
of energy sj>ent, can be reduced. 

See the Appendix for disc\ission of procedures 
necessary to develop these programs. 



INDIRECT AIR 
HEATING SYSTEMS 



Two types of syst^^ms in whi^h air is heated, supplied, 
and returned mechanically (indirect air heating systems) 
are used in New York City schools. One uses a separate 
system' for exhaii^ting air, and the otheY incorporates 

supply, return, and exhaust- in one system. Applicable 

( 

methods of scheduling for efficient energy use differ 
according to the system; hcfwev^r, -Wie matching of^ fans 
and spaces served is necessary, to develop a program for 
the use of both systems. -Thes procedures are similar to - 
thpse discussed under exhaust systems* and are described-^ 
JjpL the Appendix* > 



indirect with 
separate exhaust 



In areas which ai^ served ^^by an^ indirect air heating 
system and separate exhaust"' system, set the heating 



system at 100 percent re^zirulation und use the exhaust 
only as de^^i^^ii^-a^Jove under EXHAUST SYSTEMS. 




indirect - exhaust separate 




For example, a gymnasium is connected to locker rooms 
with their ovn exhaust fans vhich draw air froi/ the 
gymnasium. If the gymnasium air system is^ set at 100 
p.ercent recirculation, the air drawn from the gym by 
the locker room exhaust wiM be made up of outside air 
provided by infiltration, ^ther^T^m leakages at* the 
gym windows or from^ othfljr -peLrts of the school. In such 
a situation-, the scheduling of the gymnasium indirect 
system is not crucial since ^it will^not result in the 
unnecessary discharge of heated air to the outdoors; 
The locker exhaust, however, must be controlled to run 
only when the spaces are occupied. 



cambined system 
siipply, return, 
and exhaiist 

f 



In'areas wher^ one system supplies outside and heated 
^ air, 'returns air for recirculation, and exhausts air. 
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the operation of the system must be^ carefxilly controlled 
to avoid unnecessary dumping of heated air. To do ' 





m 














i 










cpo 


















indirect 


-exhaust included 
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this and thereby operate most -efficiently, follow these 
guidelines: ^ . 



1. Adjust the fresh air dampers to permit a maximum 
outside air intaJte of 10 CFM per occupant. 



2. Turn the system off when the space is not occupied. 
This will stop the dumping of hefated exhjaust air as well 

as curtailing the supply .of heat to the ^oom. 

1 

• I > 

3. If possible, ^set the systeiji for 100 percent recircula- 
tion when, the space is not occupied and set it for an out-sl^^ 
side, air intake of 10 CFM per occ/upani when the, space Is 
o'ccupied. ' ' ^ 



i^.^yV^i^n heat is required for kn unoccupied space, use 
the system set at 100 percent recirculation wherever 
possible. Where the system does not permit this, turn 
It on only unt*il the acceptable temperature is reached. 
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LIGHTING 



5. 'At ^:he times when the. boiler is' shut down fpr 

\ 

coasting^(such as afternoons), do not run the' system 



unless it can be set for 100 percent recirculation. 



Operation of lighting in most areas^ in schools is 
not controlled by the custodian. Lighting in the follow- 
ing areas, however, is in his control, and using the 

^methods outlined, he can limit the use of electricity 

. in those areas . 



CORRIDOR 
LIGHTING 



In- schools where one circuit per floor controls the 
ligjits in the corridor, switch off these lights when 
the floor is unoccupied. ^ Where there ar^ two circuits 
on a floor which control the corridor lights in a 
staggered pattern, use one circuit (approximately half 
the lighting fixtures) for normal corridor illumination. 
On the other circuit, delarap all except one or two 
fixtures in each stretch of corridor, and use that circuit 
at those times when the building is not .occupied by 
students. In this way you will provide sufficient light 
for safety and, security without providi^^g the same amoiant 
lof light that would be^'required- when, the buildifig is 
fully ocpupied. 

Note : Thjls practice is- in keeping with general 
procedures ^in e^ffect since the ^1973 energy crisis. 



PERIMETER 
LIGHTING 



In schools^where the* rows of light fixtures closest to 

the windows, are on circuits separate f^om those which , 
* <s «.. . 

control the. other fixtures in the rooms, these perimeter 

^ixtur^ can be deactivated a^t the circuit breaker. 

When this has been done, it is impossible to operate ' 

those lights from the room switches. Deactivate these 
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circuit bresLkers vhene^ver outside- conditions permit' 
(daylight ranging from partially oyercas^ to full sion), 
and prevent the unnecessary use of the perimeter lights. 
To facilitate the operation, mke sure that the ^switches 
in each panel box vh^ch control the perimeter 'li^ts are 
clearly identified. f 



0i 



'<x' ^« 



turn off perimeter lights 
on sunny days 
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plant operation 



HEATING 



TROUBLESHOOTING 



Using TABLE 1 - TROUBlIiSHOOTING CHART, find the appli- - 
cable symptbm in the ccjlumn at the left, and, reading 
horizontally' to; the riAt, at each point where a box 
has been pliced, read vertically up to find each of/he 
problems which coiiLd b©khe cause of the syhiptom. ' Where 
more than one-proWem applies to a symptom', investigate 
for the presence of eac}^ until you have determined .the 
cause of the symptom-. The numbers in "the boxes corre- 
spond to the^list of remfedies to the right of the chart. 

I 
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TABLE 1 

TR0UBLE3H00TINP 
CHART WITH REfffiDIES 

SYMPTOMS 't£. 
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REMEDIES 



1 Arrange for oil tank cleaning. 

2 Arrange to. have water pumped from" 
, oil tank. 

3 Heat fuel oil to temperature not to' ^ 
exceed flash point. 

4 Adjust fuel oil heater at burner. 

5 Adjust metering device. 

6 Adjust pump pressure. 

7 Adjust or repair relief valve 

8 Repair burner drive shaft. 

9 Replace' defective drive shaft 'bearings. 

10 Adjust or replace fuel pump belt^. 

11 Find 'source and stop air leakage 4n;bo 
suction lines . 

12 Clean strainers. 

13 Replace all belts. 

1^1 Clean atomizer cup. ^ ' . 
15 Replg.ce defective atomizer cup. 
,16 Adjust atpmizer cud. 
IT^ust nozzle for properly shaped fire. 

18 Ad^^ust-^ir damper.- 

19 Maxe sure 'doors are tightly closed;^ 
check gaskets and arrange to have them 
replaced if required. 



20 Clean' boiler tubes-; 

21 Isolate trap and make repairs, 
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appendix 
standards 

VENTILATION 
MODIFICATIois 

r 



Before inaJcing modifications, find the actual amount of 
outside air under* existing conditions w^ich is intro- 
ducM into each space in cubic feet pervminute per occy- 
pafit and record the amounts on a set* of ventilation 
plans. Instructions to do this follow. ► ' 



find existing * 
ventilation rates 



1- Determine the number of occupants . Find- the area 
of the room. For classrooms divide the area by 20' SF 
per .occupant ^to find the number of ocr^upants accord- 
.--ing td the Nev York City Code. For square foot allow- 
ances for other j)ccupancies , see Table 2. * ^ 

2. Determine the .total amount of air (in cfm) being 
supplied and exhausted from the space. Using the 

•original heating and ventilating drawings, total the 
small- numbers near the arrows at the supply grilles 
and separately thode at the return grilles. These 
number^ indicate the cfm of air being supplied and' 
exhausted through those grilles. - See the plan on 

.page a/st - 1+7. 

^ Note: Where a room is provided with both mechanical 
supply an^ exhaust, total amounts supplied and 

^ exhausted separately and use only the larger of the'- 
two amounts for the calculations. ' ' ' 

3^ Divide the amount of' air supplied or exhausted 
determined in Step 2-^by the total number of occupants 
find the cubic feet per minute g)f outside aig per 



minute of outside air per occupant. ^ 



a/st^-"l*5 



5^ 



t 



h, Exajnple using Classroom 325 on page a/st - UT. ^ 

• The plan indicates the spacfe has 37 occupants • 

" • Using the numbers at the arrows pointing into the 

grilles (X^O, ihO), and 280), a total of 56O cfm is 
being exhausted from the room. 

560^fm divided by 37 occupants means that the 
, existing ventilation rate .is 15 cfm per occupant* ' 

• Evaluation:* The revised standarJ' was set at 10 
cfm per occupant • .The existing rate is therefore 
higher than reqtiired and should be modified. 

methods of 1. Increasing the amount of air recirciilated . 

modification v 
u 

* ' • • Where provided, set dampers for the lowest 

possible air intake. ' 



\ 



a./st - U6 ^ 



• If there is a recirculation ^;rossover and no 
darupers have been provided,' install a baffle at the 

^ fresh air intake to reduce the amount of inoeming air. . 

^ -J 

Make up the baffle rut of fireproof sheet material 
such as 'light gliage steel. * ^ 

2. Automatic* staggering of fans . Installation of 

automatic timers to carry out the sequencing, of the 

operation of fans as described o*n page st 22 Jnay be i'easible 

in schools whic^ have very'lg,rge exhaust fans or numerous. 

small fans cpntrolled from^A single electric panel box; 

An analysis of the systeA sho\xld be made through the 

Bureau' of Plant Operations to determine^ whether the 
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potential savings from the installation of such a 
system are sufficiently. large to warrant the cost. 



3. Modifying the drive ratio by changing pulley sizes . 

For non- adjust able piilleys , replag^ an existing, 
motor piilley with a smaller one, and an existing fan 
pulley with a ^arger one to reduce the fan speed. 

• For adjustable pulleys located on the motor side, 
decrease the effective size of the pvil^y to reduce 
' the fan speed. ^ 




belt position 
large diameter 



belt position _ 
small diameter 




adjustable pulley 



• ,For adjustable pulJipys located on the fan 
side, increase the effective* size of the pulley 
to reduce the fan speed. 



procedure to 

deterniine 

modifications 



1. Find the required reduced air quantity factor by 
dividing the desired ventilation rate (lO cfm per 
occupant j by the existing ventilation rate (15 cfm 
per occupant). For the example above, this is 0.67- 



/ 



Note: When fans are operated at less t)ian O.hO 
of th,eir design speedy, their performance* becomes / 
erratic. Therefore, the smallest reduced'air 
qu^^ty factor should be'O.UO. 

^ 2. Determine existing motor pulley to fan pulley ratio 
(dri-N^-e ratio) by di-viding the motor pulley diameter by 

'the fan pulley diameter. If* the motor pulley has a 
U-inch diameter ^d the fan pulley hai an 8-inch diameter, 

'the drLve ratio^is k inches divided iy 8 inches oi" 0?5- 

Anoth^j^v|jy of determining ±he pulley ratio is to make^ 
marks on the outer edges to. the motor and fan pulleys*. 
MoVe the belt by hand and co«nt the number of revolu- 
tions made by the motor pulley fbr each complete revolu- 
ytlon of the fan pulley. The pulley ratio will be one 
4 fan pulley revo'lution) divided by the number of motor ; 
pulley revolutio;ns . . ^ • • 



For\the example in -Step 2, it xill be found that the 
motor j pulley makes two revolutions^ for one revolution 
of^the. fan pulley, and therefore the pulley ratio is 
1 divided by 2 or 0.5- 



ERIC 
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' i^eLermine the desired pulley ratio using the 
following formula: 

present air flow _ revised 

pulley ratio reduction pulley ratio 



In the example above, since the existing pulley ratio 
is 0.5 and the z^duced'air quantity factor is 
the formula is: 

0.5 X 0,67 = rfevised pulley ratio = 0. 335. 

Determine the> cihanRes "to, be mede. by one of the • 
following methods: 

• To modify the' 'motor pulley . find,\the required 
diameter by mul'tiplyirig the fan pulley diameter by 
the rev;Lsed pulley ratio. ' ' 

In the -example above, since the existing fan- pulley 
diameter is 8 inches and th^ prevised piil^ley ratio is 
0.335, the formula is ^ 



' fl" V V» Qoc 3:*evised motor ^ .q,, 

8 x^.335 - pi^iey diameter = ^-^^ say 2 5/8 

• To modify the fan pulley : find the required 
^ % diameter by diyi^ding the existing motor pulley 
diameter by the revised pulley ratio. 

In the example above,* siijice tlie 'existing motor pulley 
diameter is J* .inches and |'the revised pulley ratio is 



)7 



0. 335, thh formula is: 



h'' ^ 0.335 = 



revised fan 
' piilley diameter 



10,9" 




• Tq modify ad.lustable pulleys . ej.ther reduce the 
size of the motor pulley or increase the si^e of the 
fan pi^ley. Then make marks on the outer edges of 
. the m(5tor and fan pulleys. Move the belt by hand and 
count the number of revolutions made by the ^notor 
pulley for each complete revolution of^the fan pull 



Compare the actu3,l new pulley ratio to desired pulley 
ratio using the forusa^a: 



1 4"' 



number of motor 
pulley revolutions 



new actual 
pulley ratio 




BACKGl^DOTD 
INFORMATION 



If i^e new actual pulley ratio is greater than the 
desired new pulley ratio, contin^e, to decrease the 
size of the motor pi^Lley or increase the size of the 

pulley. If the actual new pulley ratio is less 
than the desired new p^ley ratio, partially increase" 
the size'of the motor pulley or decrease the size of 
the fan pulley. Repeat this process until the desired 
/ratio is achieved or unt4-l "the irfaximujn limits of 
adjustment haY| been reached. 



relationship of Dr. D. G. Cogan of the NatiQnal Institute of Health 



illumination levels 



to ocular health ^^^^ following: Illuminating engineers have 



. . ;j - - ' 

believed the more light, the better .But , more to 
the point., they have repeatedly implied that low ^ 
ill\iinination, or what for their purposes is "better 
called * inadequate lighting/ is harmful to the eyes. 
Ophthamologists have rarely taJten the trouble to 
^express their beli.efs in print*, but nevertheless, have 
b^n privately convinced that the health claims have , 
little foundation. To wit, the diseases supposedly 
caused by low illumination •have not found- their way 
into the ophthamologists* nosology." 

In his paper. Extrapolation of Visual Physiology and 
yPathology Findings to Desi^ of -Lighting Systems , 
Dr.- Robert D. Reinecke of the Department of Opht^hamology , 
' Albany Medical College, cites only one case in which 
low light levels are knc?wn to create lasting ocular 
.damage. ^ This is the syndrome known as "miner's nystagmus. 
(Nystagmus is an uncontrollable back- and- forth motion 
of the eyes.) Prior to the' turn of the centiiry^ it was 
^ound^'that after about 25 years of woi^king.in poorly 
lit mines, a number of miners developed nystagmus. 
By raising the average li^t levels in the mines to 
one oner-hundredth of a footcandle, the problemXras 
eliminated. A -light level of 15 foo-bcarrdies^ is 1,500 

times greater than that required to prevent this on6 

■ . 2 • - 

known disease, induced by low ligiit. 




"^Cogan, 'D. G. "Lighting ^fe^fealth Hazards ,"• Arch . 
Ophthal., Vol 79, January, 1968. , 

Reinecke, Ri P., "Extrapolation of. Visual Physiology 
and Pathology Findings to Design of Lighting, Systems ," • 
Federal Energy Admin. Sympo^ivim, '29-30 October 1975 > 
Washington, DC. ' - \. 
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relationship of ^ Over a 32-year period. Professor Miles A. Tinker of' 
illumination leve'ls^ „ ^ ' ' 

to learning , University 'of Minnesota conducted extensive 

research 'on the effects of light levels on reading. 

His conclusions are found in the book. Bases for 

' ' ' 

Effective Reading . A Series of tests were conducted 

to r^^te reading speed to light levels of 0.1, 0.7, 

.3.1, ^10.3, .17.^,, §.nd 53.3 footcandles. In tests where- 

•* ^ subjects were given two minutes of adaptatioi^ r^tes 

of reading , we re the same for 10.3, 17.^, and 53.3 

footcandles and considerably lower for 3.1, 0.7, and 

0:1 footcandles. .With 15 minutes of adaptation, onljr 

• 'the light levels of 0.1, and 0.7 footcandles pi*oducL£.d^ . 

a significant retardation -in speed. For 3.1 foot- ^ 

candles. and above, speed and accuracy pf reading re- 

mained virtually unchanged Regarding ttie question 

^ of reader preference. Tinker reports the following 

results of tests on li|ii university students. ^^At one ^ 

lab session, subjects adapted 15 minutes' to 8 'f^oo^- 

y '* 

.candles, at another to 52 footcandles. When adapted - 
,^ ' to 8 footcandles, subjects tended to choose 6 foot- 

. candles as most comfortable; when adapted to 52 foot- 
^candles, they c^ose 52 footcandles most often. 
^ ' "Apparently,^ by picking an ^ intensity and^ adapting the 
reader to it, one can obtain pref-erence for that in- 
tensity •..If the investigator is interested in promoting 

use of lights \)f high intensity, the method of preferences 

' ' 3 * » ^ " / ^ 

* will support lt»" 



\ 



3 . ' ' 

Tinker*, M. A., B^ses for Effective' Reading; , 

"University of Minnesota Press', 1965. 

■ . . • " ■ a/st - 53 

. . -60 ■ . 



savings 
through 
program 



potential A typical fluorescent lighted classroom contains ^ 
delampin£ 

appro.ximately 1,500 to 1,800 watts for the lighting. 
If an average of 500 watts per classroom can be 
eliminated, and if those lights would ordinarily be 
used for 1,500 hours a year '"including after schpol 
and cleaning activities, savings of 750 kwhrs pe^ 
year per classroom would be made. Thei^are approxi^ 
\ mately 30,000 classrooms in the New York City school 
^ system. If this average 750 kwh/yr saving ^.yere made 
in each, it would produce overall savings of 22,500,000 
kwh/yr, which at the present cost of electricity, vo\ild 
resiLlt in a cost saving of over 1,3 million dollars. 
In cfthe;r terms, since mpst electricity delivered to 
, N^w York results frdmr the burning of oil, this program 
^- could save almost 2 million gallons of oil *^er'year 

at the electrical genera'feors'* 



DETERMINATION OF 
LIGHT LEVELS . 

direct readings 



This method is 'simpler, more reliable, and, therefore, 
preferable to calculations. Meters, j^v be borrowed 
from the Borough Supervisor's Offjlce^of the Bureau of 
.Plant Operation', 



1. Take readings in four locations in each room ^Oinder - 
the most demanding condition^ to be met. If a room is 
used at night (when there is no contributing daylight), 
take the readings at night- or wi^th "blackout" shades 
drawn , 

Note: Lower room light levels will seem more 
acceptable visually at night when there is no ^ 
* contrast with higher light levels outside^ 
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calc\ilations 




* 2. Note all readings on the plans > 



If the- direct reading method is impractical, find 
th^ approximate light^levels by calculations \)ased 
bh the size of the room, th^ number and type of 
light fixtures,, and the room finishes. Find the light 
level for each' room using the instructions which follow 
^-'and record them on the plans for reference. 




1. Find the number of watts per square foot . 

• -Caictilate the area of the room. 

• Find the total numbe'r of watts. 

a. If all the lamps have the same wattage, 
multiply the total nunfber of .bulbs by the / 
number of watts per bulb. ' 
^..^ If the lamps used have different wat t age's , 
ada\ the wattage of all the lamps ' / ^ 

^ 

• Divide the total niomber of watts by the area 
of. the room to determine the watts "per square foot. 

2. Find the lipcht level "using TABLE 2 for incandescent 
and TABLE 3 for fluorescent fixtures. 

• Find yoi^ figure for watts pe^ , square foot. 

• Determine whether your room finish /is light, 
medium, or dark. • , . v 

«< 

,• Determine what fixture type is used in the room. 
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# Reading down in the column for the appropriate 
fixture type and across to the right at the correct 
watts per square foot for the applicable room finish, 
find the result.ant footcandle' level. 

3. Example : A classroom 25 feet wide by 30 feet long 
has light ^^ey painted walls; light grw floor tile, 
and a white painted ceiling. It- has three rows of 
fluorescent i*ixt]ares with prismatic Vraparoiand diffusers, 
each row having six, two-lam^ fixtvires, fo\ir feet long. 

# Find the number of watts per square foot. 

a. -The area of the room is 750 square fgi^t 
(30 X 35). 

b. There are 36 fluorescent lamps at ko watts 
'each or 1,UU0 wattes total. 

■ / • . ■ . ■ ■ • 

c. The watts per square foot are l^hkQ watts 
divided by 750 square feet or, 1.92 watts per 
sciuare foo^. 

# Find. the light level. From TABLE 5 - FOOT- 

' CANDLE levels': " FLUORESCENT FIXTU-RES, a room with 

lighting at 2.0 wdtts per square foot, light finishes, 
and prismatic wraparou]^ diffusers (Lighting Fixture. 
Type FT from TABLE 3 - LIGHTING .FIXTURE TYPE SCHEDULE) 
h^s A light level of 51 footcandles. 




/ 



• Evaluationr The standard 30 footcandles /^* 
for classrooms. The existing light level, as 
determined above, is' higher than the standard 

and^ therefore should be modified. From TAfcLE 6, 

I » 

DELATING SCHEDULE K)R FLUOR]gSCENT FIXTURES, it , 
c^n be seen that deactivation of bulbs will 
result in a lifting level of 30 footcandles. 



METHODS OF 
MOQ^FIGATION ! 

r^ubstitute lover 
wattage lamps 



de lamping 



Light output can be reduced by approximately 20 percent 
most simply by replacemeSpt of the standard four-rfoot, 
iiO-watt lamps with new 35-vatt lamps by GE or "3^-watt 
lamps.' by ^ylvania. These lower wattage lamps are 
available at present only ih the four- foot length. 



A more .generally applicable method of reducing overall 
light levels' is the complete deact^ivation of some portion 
of the lamps in the space. Any one or more of the • 



methods which follow may be useh^ f or delamping. See 
TABLE^ 6 , , D^lAMPUW SCHEDULE FOR FLUORESCENT FIXTURES 
'{base4 on .existir\g light levels^ in* footcandles ) to 



n^"C 



-determine t\^ niiiiB^r of-^ lamps .required for an overall 
light level of 30 focjtcandles and consequently, the 
nvunber of lamps to bew deactivated. ' ^ 



Note:^ One ballast generally serves two lamps 
which makes I it ri'ecessary to remove lamps in pairs 
in order to maintain operation of the fixture. 
When fixtures are partially or wholly delamped, 
unneeded ballasts should also be disconnected to 
maximize ener^ savings, "the ballast uses approx- 
imately* 10 percent of the^^lec'tt'ic current consumed 
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by a fluorescent fixture. Unless disconnected, 

the ballast T^ill. continue to use the saih^ amount 

of ^current when lights are switched on even if the 
* J * X 

fixture has been delamped. 

1- Removal -of pairs of 'lamps jn a checkerboard or 
staggered pattern . This will lower the' average light 
level^without creating unacceptable variations gin , the 
delivered iight' level in ro9ms using four-foot fixtures, 
' This method is generally not applicable in g.reas where 
eight-fqot fixtures' are used. In those areas it vould 
result in lighting which is too uneven. 

2. Deactivating the center row of fixtures. Thi^. 
may be applicable where the existing lighting -consists 
of three parallel rows of fixt\ires=. 

' 3» J^eplacement of one lamp in a paired fixtune'with a 
"phantom" tube. These are special tubeS which drgbw^ 
very little current but provide the necessaVy luad^n ' 
th'e bal^st to permit the normal lamp in the pair to 
mamtaiTi .its operat^ion. ^Use of this method makes it 
possible to convert a two-lamp, eight-fosrt fixture 
into a single iamp/^ight-foot i^ixture and reduce the , 
ferlergy usfed by ^almost .ha,^f^ T^s , the overall light 
level in^a-rdom can be_ lowered and higher levels can 
be maintained where required. 



Example : In a science classroom with, conventional 
desks and one 'demonstration talDle, light levels at 
the desks can be pl-ovided at 30 footcandles with a 
^^'t level of 60 footcx,andles' provided at the ^ 
demoro^tration'table by leaving, two lajrips^ in the p. 
fixture or fixtures located directly above the table. 



• "Phantonv" t.ubes, however, are still too expensive to 
make this an economical method of lowering light 
levels . ^ 

^- Rewirin^y of fixtures so that a two-lamp ballast 
serves twd tubes end-to-end ratfier than "two tubes 
side-by-side. This technique has the advantage of 
using each- ballast to power two functioning ^tubes 
rather than one functioning, tube and one ^'phantom" • 
tube. It also eliminates the need fpr purchasing * 
special "phantom" tubes. It has the disadvantage of 
requiring rewiring which must be done by a qualified 
electrician. 



5. Partial delamping of ^fixtures l^y'removg^l of one 
tube from three-tube fixtures'^or two tubes from four- 
tube 'fixtures (and disconnection of the corresponding 
ballast/) will result' in a lower but uniform overall 
ight level. ♦ " ' 
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TABLE 2 - NET FLQOR AREA REQUIREMENTS PER QSCUPANT ^ 
' * (abcording to the New York City Building Code) *' 

i ^ ' . 

TYPE 0> OCCUPANCY ' ' ' ^ !!i2?^.^S^o^N 

. PER OCCUPANT (SF) 

AuditoJriums . ' < 

fixed seats - total, number o/ se^ts equals- 

rrumber of occupants . • ^ 



Gyimnas i ums 
Kinder gd^en^ 
KitchensVv 

Libraries 
Locker rooms 



doveable seats »10 

Clissrooms * 20 

Dining spaces 
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TABLE 3 - LIGHTING FIXTURE TY^^E SCHElWjLE 



fluorescent 
fixtures . 



incandescent 
fixtures 



Fl Metal eggcrate 
F2 Parabolic metal eggcrate 
'F3 Acrylic prismatic 
Fh Glass prismatic * ♦ 

Plastic eggcrate 
F6 Aluminum reflector no diffuser 
F^'i Pirismatic wraparound^ 
F8 Opal drop dish , 

I lA Opal glass diffuser 
I IB Opal glass diffuser 
I IC Opal glass diffuser 
I 2A RLM 
I 2B RLM'^. 
5 2C RLM 
I 2D RLM 

I 3A Multi-ring with 

, s silver bowl 
I 3B*^ Multi-ring with ^ 

silver bowl 
I hA High^bay-wlhite 

porcelain 
I hB High bay-'«rhite 

porcelain 
I High bay-white ' 
porcelain 
H igh ^ bay^lurainum 
rjsf lector 
5A Mercury ^ulb 
5B Mercury bulb 

6 Down light-blackring 

7 ' Down light-metal 
reflector 



500 wa\t bulb (PS 30) ^ ' 

300 watt buib (PS 25) / 
300 \|a,tt^ extended service *bulb* (PS\^0) 
150 watt bulb (PS 25) ' ^ 

200 watt bulb (PS 30) ^ 
300 watt, bulb (PS, 25) ^ ' . 

.300 watt, extended service bulb (Pg- 30} 
•* J* 

300 watt bulb {PS 35) 
500 watt bulb- ( PS liO ) ' " 
250 watt^bulb (PS 35) 
500' watt bulb (PS hO 
1,000 watt bulb (PS 52) 




kOQ watt bulb (BT 37) 
700 yatti bulb ,(BT k6) 
150 watt bulb (^23 ES^ 

- 15P'vatt bulb (R hoY 



TA^LE 1;.- FOOTCMDLE LEVELS: INCMCeSCENT "FIXTURES 



FIXTURE 


\l lA 


i/iB 


I'lC 


I 2A 


RM FIN 


LT 


MED 


DK 


LT 


'med 




LT 


MED 


DK 


I,T 


MFD 


0.2 


1 


i 

2 * 


1 


1 


1 


1 


1 


1 


* 

1 


■2 




O.i* 


3 


2 


3 


2 


. 2 


■ 2 


2 


2- 


3 


3 


0.6 


1* 


3 


3 


k 


k 


,3 


' k 


. 3' 


3 


5 


I4 


0.8 


5 


14 


I4, 


6 


' 5 


k 


5 


k 


•3 


6 


6. 


• " 1.0 • 


6 


5 




7 


6 


5 


6 


5^ 


k 


8 


7 


1.2 
* ^ 1.1* 


• 8 


^ '7 


6 


9 


7 


6 


7 


6 


5 


9 


9- 


9- 


8 


6 


•l5 


9 


7 


• 8 


7 


6 


11 


10 


1.6 


10 


9--- 


7 


12 


10 ■ 


8 


10 


8 


7 


12 


12 


1.8 


12 


10 


8 


13 


11 ■ 


10 


11 


9 


8 


Ml* 


13 


2.0 


13 


11 


9 


15 


12 


11 


■\12 


10 . 


9 


' 16 


15 


2.2 


11* 


12 


10 


16 


II4 


12 


13 


11 


9 


17 


16 


• 2.1*. 


■15 


13 " 


11 


18 


,15 


13. 


. ll* 


12 


10 


19« 


18 




17 


II4 


12 


• 19 > 


16 


1I4 


16 




11 


20 


19 


'.2.8 


18- 


15 


13 


21 


17 


15 


17 


' i.h 


,12 


22 


21 


3.0 


_ 19 


16 


111 


22 


19 


1^ 


18 


15 


13 


23 


22 


3.2 


21 


17 


15 


2I4 


20 


17 


19 _ 


. .16 ' 


II4 


25 


23 


3.1* 


22 


18 


16 


25 


21 


18 


20 


17 


•"15 


26 


25 


3.6 


23 


' 20 


17 


26 


22 


19 


22 


18 


16 


28-' 


26 


3.0 


25 


. 21 


18 


28 


2I4 


20 


23, 


19 


16 


30 , 


' '28 


Eh 

8 ^-0 

S 

g 5.0 
" .5. ,5 


26 


22 


19 


29 


25 


' 21 


2I4 


20 


17 


31 - 


• 29 . 


30 
35 


26 ' 

29 


22 
25 


. 35 
I40 


29 
• 33 


25 
^9 


' 28 
.32-, 


2I4 
27* 


20 
23 


37 ■ 
1*2 


31* 
1*0 


39 


' 33 


28 




38 


32 


37 


31. 


26 


1*8- 


1*5 


1 6.0 


I4I4 


37^ 


31 


50 


1*2 


36 


1*1 


31* 


29 


53 


50 


|6.5 


1*8 


1*1 


35 


. 55 


1*6 


kor 


1*5 


38 . 


32 • 


58 


55 


7.0 ■ 


53 


^5. 


38- 


60 


51 


h3 


1*9 




35 


6I4 


60 



1 

3 
I4 
6 
7 

8 

"10 

11 

12 
.II4 
15 
17-' 

18 

19 

21 

22 

23 

25' 

26 

28. 

32^ 

1*2 
1*7 
52 
56 



a/st - 62 




erJc 



TABLE 1; - FOOTCANDLE LEVELS: INCANDESCMT FIXTURES, (contd. ) 



FIXTURE 


I 2B 


I 2C 


I 


2D 




I 3A , ■ 


BM FIN 






Tit/" 
UK 


T m 

LT 


MED 


DK 


LT 


MED 


DK 


, LT 


MED 


DK 


0.2 


, 2 


2 


. 2 




2 ' 


2 


2 


2 


2 


2 


2 


1 


- o.ii • 


li 


li 


3 


■k 


k 


\ 


/ ^ 

7 


3 


3 




' 3 


2 


0.6 


6 


■ 5 


5 


■ r 


6 


6 


5 


5 


6 


5 


? 

-J 


-p. 8^ 


- 8 




7 


9 


8 


8 


7 


6 


7 


6 




' uo 


9 




8 


11 


10 


10 


9 • 


8 


8 


• 9 


8 






ii 


\ 


10 


13 


12 . 


11 


11 


10 , 


9 


11 


10 


6 


' l.li 


13 


■ *L2\, 


12 


15 


Hi 


13. 


12 


12 


11 


13' 


11 


- 7 . 


1.6 


15 




13 


17 


i6'^ 


15 




13 


12 _ 


15 


13 


8^ 


1.8 


17 


■ 16 


15 ■ 


19 (' 

** 


- 18 


17 


' 16 


15 


lli 


17 


15 


'•10 


• 2.0 


19 


i6 


17. 


32 


20 


• 19 


18" 


17" 


, 16 


19 


16 






21 


.20 


18 


2h. 


22 


21 


19 


• 18 


17 


20 


18 


12 


2.\ 


23 


-21 • 


20 


26 


2\ 


23 


21 ' 


20 


19 


•32 




13 « 


* 2.6 


25 


23 


22°' 


■28 , 


,26 


25 


23 


22 


20 


■ 2k 


21 


\\^ 


2.8 


27 


" 25 


23 


^0' 


28* 


27 


25 


23 


22 


26 


23 


15 


♦ 3.0 


28 


27 


25 


32 • 


30„ 


29 


26. ' 


25 - 


23 


'28 




16 


3.2 


'•30 . 


29 


27 ' 


- 35 


32 ' 


31 


28 


21 


25 


•30 


26 ' 


17 


• 3.ii_ /; 


* > 


■*30 


28 


•37 - 


35 


32 


20 . 


28 


26 


32 


27 


18 


3.6 


3ii 


32 


30 


-.39«. 


37 • 


3li 


32 


30 


28 


33 


29* 


19 


3.8. . 


36 


. 3k 


32 




"39 


36 


' '33 


31 


30 


35 


31 


20 


8 ii.O 


38 


" 36 


33 


h3 


ill _ 


'38^ 


^".35 


33 


31 


37 


32 


21 




. 


h2 


39 


51 


li8. 


li5 


lil . 


39 


.-37' 


kk 


38 


*25... ■ 


1 5.0 . 


51 


li8 •. 


h5 


58 


^5" 


52 




h5 


>2. 


56 


hk 




^ 5.5 
g 6.0 


' 5& 

6ii 


5h 
6l 


51 
-57 


66 
73 


62 
69 


58 
65 


60 


51 
56 


'^7 


57 

. 63 


'k9 

^ 55 


32- 

'36 ^ 


g 6.5 

en 


71. 


67 


63. 


. 8i ■ 


76 


72 


" 66 


62 


/58 


70 


'61 






78 


73 


69 


88 


'83 


78 


72 : 




6'h 


76 


'k3 



^ / 



70 ■ 



•#.a/st 



TABLE 1* -' F0O*rCANDLE LEVELS: INCANDESCENT FIXTURES (contd.)' 



FIXTURE 


"I 


3B ■ 


» 


I 1*A 


I 1*B 


I i*c 


-I ^A- 


I 5B 


16 


I 7 


RM FINISH 


; LT 


MED 


DK 


ALL 


ALL 


ALL 


ALL 


ALL 








T T 
Lr 1 






0.2 


■■2 - 


2 


2 


2 


2 


2 


1 

1* 


5^" 


' .6" 


.6 


% 

*-5, 


2 


1- ' 


♦ 

1 


0.1* 


\ 




3 


U 


1* 


. 5 


.9 


11 


1 


1 

✓ 


a. 


3 


3 


2 


. 0.6 


6 


5 


5 


6 


5 


7 


13 


16 


2 


2 


2 


'5 


1* 


1* 


0.8 •' 


_ 8 


7 


7 


8 


7 


9 


17 


22 


2 


2 


• 2 


T 


6 


5 


1.0 


10 


9 


•• 8 


9 


r 9 


• 12 


22 


I27 


3 


3 


3 


9 


7 


6 


1.2 


12 


11 


iV 


11 


' 11 


ll*' 


26 


33 


1* 


3 


3 


10 


.9 


^ 7 




13 • 


13' 


12 


13 


12 


16 


30 


,38 


1* 


1* 


1* 


12 


10 


9 


1.6 


15 


lU 


'13 


15 




18 


35 


1*3 


.^5 


5 


1* 


ll* 


12 


10 


1.8 


' IT 


16 


15 


17 


16 


21 


' 39 


. 1*9^ 


5 


5 


5 


16 


13 


11 


2.0- 


19 " 


18 


17 


19 


18 


23 


' \3 


51* 


6 


6 


5 


17" 


15 


12 


2.2 


21 


20 


19 


. 21' 




25 


1*8 


. 60 


V 


6 


6 


19 


16.- 


ll* 


C 2.i* 


23 


21 


20. 


23 


2i 


' 28 


.52 


65 


• 7 


7 


7 


21 


18 


15 


( 2.6' 


25 " 


23 


22 


'25' 


23 


30 


5^ 


71 


8 


7 


7 


22 


19 


16 


' V 


27.' 


25 


21; 


26 

28 


. 25 


32 


60 


76 


8 


8 


8' 

* 


2l* 

Ik 


2i 


17 


• 3<0- ^ 


29 


27 


25 


26 


35 


65 


- 81 


9 


9 


8 


26 


22" 


19 


, 3.2. 




29' . 


2^ 


30 


28 


37 


69. 


87 


10 


. .9 


9 


2^ 


21* 


20 




'33 


-30 


2h 


- 32 


*30 


39 


' T3 


92 


10 


•' 10 


9 


29 


• 25 


21 


3.6j 


35- 


2£ 


30 


31* . 


32. 


ill 


' 78 


98 


11 


10 


10 


31 


. 27 


22 




37 - 


31* 


32. 


36 


33' 


1*1* 


82 


103 


11 


11 


10 


' 33 


28 


21* 


8 i*.o^ 

fx. 


39« ^" 


•36.° ^ 


31* 


38 ■ 


,35 


. 1*6 


86- 


109 


12 


■ 11 


11 


31* 


, 30 


'?5 






1*2 


1*0 


1*1* 


1*1 


■ 51* 


102 


128 


ll* 


13 


13 ' 


.lU) 


35- 


29 : 




52 


J18 


>5 


- 51-; 


' 1+8 


.'62 
70' 


riT. 


11*7 


16 


15 


15 


1*7 


1*0 


31* 


^ 5.5 ■ 


5^' 


5l- ' 


51^ 


58, 


.5k 


132 


166 


18 


17 


17 


53 


i*5 


36 . 


6.0 . 


65 


61 


.57 


" 61* 


60 


78 


ll*7 


185 


20 


19 


19 


59 


•50 


1*2 


•6".5., 

Eh ' 




67 


63', 


71^ 


'66' 


86 


-162 


20I* 


22 


21 


21 


6^ 






^ 7.0 


79, 


73' 


•67 


77 


.'72 

1 




17? 


223 




23- 


22 


71 


61' ,* 


51 . 



a'/st - 61* 



• -7" 



i ■ ■ ■ ■ ■ - 

• « 

» 

' TABLE 5 - FOOTCANDLE LEVELS i FLUORESCENT FIXTURES 



FIXTURE 


Fl 




T?0 
r d 




' . F3 - 


Fl* 


RM FIN 


LT 


MED' 


DK 


T T 






LT- 


MED-' 


DK 


LT 


MED 


DK 


0.2 


2 


2 


2 


3 


3 


3 




A 




1* 


)i - 
4 


3 


0.1* 


5 


' 1*. 




6 


, 6 


5 


7 

( 


7 

1 


D 


0 

0 


7 


0 


■ 0.6 


7 


6 


5 


9 


■8 


8 


xX. 


1 n 


y 


Id. 


11' 


10 


~ 0.8 


9 


8 


f 

\ 




11 


10 




-Lj 




Id 




13 


■ 1.0 


11 


10 


0 
y 


'l6 


ll*- 


.vl3 


xo 






on 
d\J 


lo 


lb 


1.2 


ll* 


12 




19 


17 


15 




on 


10 


0)1 


dd 


19 


l.h 


l6 


ll*" 


13 


22 


20 


18 


Ofs 


9'5 

J 




07 
d ( 


OCT 

dO 




1.6 • 


■ l8- 


l6 




&5 


■ 22 


•20 




97 




jl 




2d 


1.8 


21 


I8 


l6 


28 


25 


23 


'5 '5 




07 


i5 


5d 


29 


• 2.0' 


23 


20 * 


l8 

X w 


32 


,28 


25 


'57 


'5 '5 


00 


4 


50 


i2 


2.2 


25 


.22 




35 ■ 


|31. 


28 


hn 


'57 


'50 


on 

39 


35 


' 2.1* 


28 


2k 


21 


38 


/ 33 _ 


31 


H H 






li7 
4 ( 


4 J 


jo 


• 2.6 


30 


27 


23 


J 


36 


33 


U 




jO 


>1 


li7 
4 ( 


)»o 
4£f 


2.8 


-32 




PS ' 


1*1* 


39 


36 


R 1 
P 1 


li7 


Hi 






45 


3.0 








1*7 


1*2 


■.38 


^0 


9U 


)t)i 




54 


40 


3.2 


37 




29 


51 


• i*5 


1*1 




^'5 


li7 




c: 7 




3.1* 


39" 


35 


30 


5i* 


1*7 


1*3 


62 


57 


50 


67 


61 


5i^ 


3.6 


1*1 


37 


32 


57 


50 


'1*6 


66 


60 


53 


71 


65 


5$ 


. 3.8; 


1*1* 


39 


31;' 


•»6o 


53 ■ 


1*8 


69 


63 


56^ 


75 


66 


61 


8 i*.o 


1*6 


1*1 


36 


6-3 


56 


51 ' 


73 


.6.7 


59 


78 


72 


6li 




5i* 


1*8 


1*2 


71* _ 


66 


-6p 


86 


'■78 


.69 


92 . 


81i 


J5 


1 5-° 


62 


55 


1*8 


85 


75 


,69 


99 


90 


80 


106 


97. 


^ 86 


" 5.5.. 


70 


62 


55 


96 


ff5 


78 


111 


102'"' 


90 


120 


109 


98 


g 6.0 


78 


69 


6i 


. 107 


95 


87 


'l2l* , 


113 


\0Q 


133 


122 


109 




86 


77 


67 


il9 


105 


96 


137 


125 


111 


'll*V 


135 


120 


^ 7.0 ' 




81; 


73 


r3o 


lll*^ lOl* 


^150 


137 


121 


161 




131 



r 



IP) " a/st - 65 



TABLE 5 - FOOTCANDLE LEVELS: ; FLUORESCENT FIXTURES (contd. ) 



FIXTURE 


F5 








F7 


, F8 


FIN 




MED 


DK 


LT 






■LT 


MED 


DK 


LTj 


MED 


• DK- 


. 0^, 2 . 


2 


2 


0 

c 


8 


7 


6 


P 




1 


d 


d 


2 


'O.li 






-5 


15- 


15 


13 




^ D 




), 

4 


3, 


3 


0.6 


6 


6 


5 


23 


22 


19 




0 

y 


u 




5 


5 


a.8 


0 

1/ 


8 


7 
1 


31 


30 


26 




1 0 


D 


T 


7 


V 
D 


i.-f) 


J. J. 




0 


39 


37 


32- 


oft 


15 


7 


9 


Q 
0 


Q 
0 


• 1.2 








ii6 




38 




' 1 ft 


n 
y 


11 


10 


9 


l.li 


IS 




IP 


5i+ 


■52 


■ ii5 




01 




T 0 
Id 


li^ 


11 ' 


1.6 . . 


17 


IS 


lU 


;62 


59 


51 


hi 


Ph 


1 0 


^14 


Ij 


Id 


2.0 . 








'TO 


67 


58 




ov 




Id 


15 


14 


22 




1 7 


77 


1^ 


6lf 




"51 


1 )l 


nft 
10 


1 7 

IT 


15 


2.2' 


2^+ 


21 


19 


85 


81 


70 


56 




16 


20 


18* 


1 7 


2.h 


26 


P'^ 


PO 


93 


"89 


77 




'57 
, J 1 


^17 


0 1 
di 


on 

dKJ 


^ ift 
10 . 


2.6 ' 


28 


PS 


■ 100 


96 


83 


DO 




ly 


*o 0 ' 

d5 


dd 


dO 


- 2:8 ' ' 


->»^ 


P7 


pU 


108 


103 


S9 ^ 


71 




on 


oc 


0)1 


i£l 


3.0 •' 




PO 


Pfi 


116 ■ 


111 


96 






00 


ov 


oc 


23 


3.2 




J- 


P7 


12i| 


118 


102 


Rl < 


/ liQ 




oft 


'OV 


0)1 

d4 


3.h 


^ 37 


33 


29 


131 


126 


' 109 


♦86 


•52 


'2lf 


30 ■ 


29 


26 


< 3.6 


39, 


35 


31 


139 


133 


115 


91 


55 


26 


32 


30 


27 


3.8 


iii 


37 ■ 


"32 


lii7' 


liiO 


121 


97 


58 


27 


3ii. 


32 


29 


'f. U.O 


ii3 


39 


3ii' 


155 


„lii8 


12^ 


102 




29 




Ah 


30 




51 


h5 


liO- 


18? 


17if 


150- 


119 


72 




ii2 


\39 


35 


5-.0 


58 


52 


lf6 


209 


260 ■ 


Its 


137 


82 


' 39 




.(^5 


lii ' 


^ 5.5 

PS 


-66 ■ 


59 


$2.' 


•236 


-225 " 




155 


93 


lili 




^51 


li6 


g 6.0' 


73 


66 


58 


263 


251 / 




17^ 


lOii 


ii9 


60 


57 


5"'l 


• g 6.5"- 

Eh 


•81 


73 


61i 


290, • 


mj 


2ii0 


191 


115 


■ 5if 


67 


63 


57 


^' 7.0 , 


■ 89 


. 79 


70^ 

4 


-317 


3^3 


262 


208 


125 


59 


73 


69 


62 



\ 



TABLE 6 - 



DELAMPING SCHEDULE FOR FLUORESCENT FIXTURES 
(to result in light level of 30^ footcandles ) 

EXISTING FOOTCANDLE LEVEL (' 





35 












o5 


70 


75 


8b 




o 


' 0 


1 




1 

i. 


1 


1 


^ 1 


1 


1 


1 / 




h 


1 


1 


1 


o 
c. 


d 


2 


2 


2 


2 


3 




D 


1 


2 


2 


p 


Q 


3 


3 


3 


li 


li 






' 1. 


^ 2 




o 

J 




u 


U 


5 


. 5 


5 






1 


? 
«j 


• J 


). 
4 


cr 


* 5 


5 


6 


6 


6 




12 


2 


3 








D 


/T 
D . 


7 


7 


8 




ill 
-1.'+ 


2 




5 


' 6 i 


6 


7 
1 




Q 

0 


Q 

0 


9- 






2 






6 


7 
1 


Q 
0 


9 \ 


^ 9 


10 


. 10 




xo 


3 


5 


6 


7 

f 


0 


9 


10 


V ao 


11 


11 




on 


3 


5 


1 


8 


0 
y 


lU 


11 


Vi 


12 






OO 
dd 


'3 


^ 6 


7 


Q 


1\) 


11 


12 f 


i\ 


13- 


/? 

111 






3 


6 




XJJ- 


11 


12 


13 




^li; 


15 






\_ 


7 






Ic: 


13 


lU 


15 


l6 


16 






li 


7 


b 


-L J. 


1-J 


14 


15 


16 


17 


18 






li 


8 


10 


1 P 






Id 


.17 


. 18 


^19 




'JO 

if 


5 


' 8 


la 


1? 




±D 


. 1| 


lo 


19 


20 




' 3ii 


5 


9 






1!? 


17 


lo 


19 


. 20 


21 ■ 


• 36 


5 




12 


Hi 


l6 


18 ' 


19 


21 ' 


22 


' 23 




38 


5 


10 


13 ■ 


15 


17 


■ 19 


20 


22 


23 


_2li. ■ 




liO 


6 


10 


13' 


16 


18 


" 20 
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appendix 
scheduling 

HEATING 

DETERMINE 
START-UP TIME 



Find the lead times required - for *boiler start-up 
required to 'reach 68°' F. for various temperatures. 



1. Place one thermojneter in a convenient location 
outside and another in a representative location 
^inside (such as, a ciassj/oora which gets particular iy 



cold, at night) . 



2. Record the following information for a period . 
of 30 days (or more if required) on TABLE 7 - DAILY 
RECORD: BOILER START-S|^AND SHUT-DOWN in the columns 
indicated. 

• Outside and inside temperatures at start-up. 

• 1?me pf start-up. ' . 

• 'Time that the indoor thermometer reaches 68° F. 
^ • The "lead time" required for each o.f these 

conditions. i"Lead time" refers to the time at 

which "the inside thermometer reaches 68° F. minus 

• V 

the start-up time.) 

3. . Record the lead times required for Inside and 
oi^side temperatures on TABLE 8 - LEAD TIMES ACCORDING 
TO TEMPERATURE: BOILER START-UP. 



DETERMINE 
SffUT-DOWN TIME 



Find the earliest boiler shut-down times for variot^ 
temperatures which )will maintain 68° F. in all occupied 
spaces'. » , .^ifc 

1^ Record the following infofmation'' every day on 



TABLE 7 - DAILY RECORD: BOILER START-UP AND SHUT- 



DOWN in' the columns indicated, 

\ * Outside temperature at'^hut-dow'n, 

* , i , * 

• Time of shi^t-down. 



Time tjt^at the indoor temperature drops 



belov 68^ F 



"^^"^ Lead tiine (time that tjie indoor temperature 
drops below 68° minus the stiut-down -feime). 

2. Shut down the boiler a iJrt earlier each day yntil 
the temperature on the indoor thermon^ter' drops below 
68° F. before the end of the schpol day. When this 
happens 15 minutes before the end of the day, add 15 v. 
minutes to the shut-down -time used. that day for future 
u§.e for that temparature and record it on TABLE 9 - - 
LEAD TIMES ACCORDING TO TEMPERATURE: BOILER SHUT-DOWN. 



s. 



TABLE 7 - DAILY RECORP: BOILER STA^^UP AND SHUT-DPWN' 



DATE 



START-UP 



TEMPERATURE 



OUT- 
SIDE 



IN- ^-STTOTf^ 



SIDE 



V? 




LEAD 



SHUTyDOWN 



OUT- 
SIDE 



■••J TIME 



SHUT- 
DOWN^ 



68^ 



LEAD" 



m 
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TABLE 8'- LEAD TIl5l.ES ACCORDING TO TEMPERATURE: BOfLER START-UP 



OUTSIDE TEMPERATURE 
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11-15 


16-20 


2l)-25 


26- 30 


^1-35 


36-1+0 


i+ 1-1*5 
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51-55- 


^6-60 
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TABLE 9 - LEAD IIMES ACCORDING TO TEMPERATURE: BOILER SHUT-DOW 
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OUTS ID 
11-15 


E TEMPE 
16-20 


t 

RATURE 
21-25 
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26-30 
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1*6-50 


-51-55 
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.1* 



\nENTILATION 



EXHAUST SYSTEl^is 

identify epchaust 
zones / 



develop program 
for use and non- 
use of fans 



\ 



I 



1. V Find the spaces Served by each exhaus-t fan either 
from' the design (j^awings .or by turning ou one fan -at 
a time and checking fr^m room to room to find which ^ 
spaces are being exhausted. Jn some buildings the 
exhaust systems * are -straightforward and this will.be 
easy. In others', it may b6 necessary to have specially 
trained people ftiake 'the determinations. If this is 
required, contact the Borough Supervisor's Office of 
th6 Bureau of flant .Ope;ration. * - • 

. . • ^ •• . 

_ 2. Fill in TABLE 10, ROOMS SERVED BY EXHAUST FANS: 
EXHAUST ZONES. First, list the identification number . 
of each fan in the buildi/\g and then the room number of 
^each spacxe served by each space served by each fan. 
^is will then indicate the "exhaust zones." (Note 

a.t i^ ,some cases a single r^om may be served by more 
than one^cft^aust fan.) ' 

1. Determine the times' of day when an "eichaust zone"* 
AS not in use ^ ^ When a fan serves a single large space 
such as a. gymnasium or shop, this i's^ not a problem. 
When a Tan serves several c^ass^^gms, however, it may 
be more diffi^^^OT^^. Using TABLE 11- ROOM U8E SCHEDULE^ 
FOR EXHAUST. FAN- NO. XX, ^ identify the' exhaust fan at the 
top of the table and then list all. room numbers served- 
by that fan. Use one cOpy of TABLE ll for edch fan 
(Note;: One copy has been provided; ^ke additional - - 
q<5pies as .required. ) 



79 ' 



a/sc - 



2. Using the partially jtpoiTK)leted copies of TABLE 11, 
ask the administrati^ve person responsible foY " . ^ 
scheduling the use of rooms to- cj^ieck off on the TABLES 
each peri od vhen each room is in use and' return the • 
completed "JABLES to you. ^c ' • . ^ 



3- Record t he periods when each fan must be in opera- ' 
tion in the column titled OPERATION. 

^ • ' Complete TABLE 12- OPERATING SCHEDUlKf OR EXHAUST 

« > 

FANS. Transfer the fan number and periods cf operation 
for- each exhaust fan (from all copies of TABLE ll) to 
TABLE 12 and fill in the spaces 'corresponding to the 
times when operatiou%i* the fans is required. At all 
^her tifhes the fans c^'be left off. . ^ S. 



Note: 



It inay?iot'Ve possible to shut off a fan 



whenever a space i^ not 'occupied because of lack' 
of manpower available. If this Is the case, control 
the fans for those periods when. several fans can be 
deactivated at one tii^. 

r ' 

TABLE 13-R06mS SERVED ^BY INDIRECT HEATING Ulfll'S; 
^TABLE Ih - ROOM USE SCHEDULE FOR INDIRECT HEATING UNIT 
NO- XX, and TABLE 15 - OPERATING SCHEDULE FOR INDIRECT ' 
HEATING:UNITS cor»espond for indirect air systems to 
TABLES 10,^ll,o^nd 12- for exhaust system? . 'Follow, the 
same proQ^ss' of investigation^ and recording of informa- 
tion to complete the TABLES ^nd develop a .schedule ' to 
^ operate the indirect air systems only \^hen required ' 
aecoi-ding to the use of the spaces they sextve, (See 
instrikctlons for TABLES 10, 11, and 12. • 



/ 



SUMMARY 



i The completed TABLE. 12 and TABLE 15 indicate the 

,* , full, operating schediiLe for fans in a buiTaing to 

pe^rmit the greatest energy saving throu^ih the elimina- 
f * tion of xmnecessav^ fan' use. 
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ROOMS SERVED 
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